INTRODUCTION {#sec1-1}
============

Recently, there has been a great concern among the scientific community, policy makers and general public regarding the reproductive potential and health hazards of a wide range of environmental chemicals.\[[@ref1]\] Out of these environmental toxicants, some chemical act as endocrine disruptors with the potential to alter hormone action within the body.\[[@ref2]\] Endocrine disrupters, may be present in the environment naturally (phytoestrogens) or may be man-made, are ubiquitous because of their production in large quantities and easily transported through the atmosphere and their slow degradable activity in the environment.\[[@ref3]\] Man-made endocrine disruptors vary in potency and in the level of exposure required to produce an adverse effects in the animals. Different endocrine disruptors may not be released individually, into the environment at levels that would exert substantial risks, but the effects of chronic low levels of exposure of the endocrine disrupting chemicals are of concern.\[[@ref4]\] It has been reported that DDT present in the environment was the reason of broken eggs of predatory birds, which results in a sharp decrease in their number around the Great Lakes.\[[@ref5]\] Unabated pollution of the environment is considered to be a major reason for the decline of human semen quality over the years.\[[@ref6]\] Atrazine, the agricultural pesticide, once one of the most widely used pesticide all over the world, is now recognized as an endocrine disruptor and to have disrupting effects on the reproductive systems of mammals.\[[@ref7]--[@ref11]\] More dramatically, it has been shown that fertile men in an agricultural area of Missouri have lower sperm counts (about 40%) than men in three urban US areas, and also have higher concentrations of three currently used pesticides in urine.\[[@ref12]\] It has been reported that environmental toxicants such as lindane, di-n-butylphthalate nonylphenol, methoxychlor, and dioxin induced oxidative stress in the testes and epididymal sperm of rats and thus results in decrease in reproductive potential in animals.\[[@ref13]--[@ref17]\] Endocrine disrupting chemicals disturb the pro-oxidant/anti-oxidant system of the cells leading to the generation of oxygen free radical and reactive oxygen species (ROS).\[[@ref18]\] Mammalian spermatozoa, being rich in membrane bound polyunsaturated fatty acids (PUFA), are more susceptible to ROS attack, and makes them more vulnerable targets of ROS-producing polychlorinated biphenyls.\[[@ref19]\] In spermatozoa, several antioxidant systems as glutathione peroxidase, superoxide dismutase and catalase\[[@ref20]--[@ref22]\] are operating for their normal functioning. In addition, it has been observed in earlier study that alpha-tocopherol is found in various amounts in testicular cells of rat in the order of Sertoli cells greater than pachytene spermatocytes greater than round spermatids, with a factor of 4 in the alpha-tocopherol content between Sertoli cells and round spermatids.\[[@ref23]\] Antioxidant therapy appears to be efficient not only *in vitro* but also *in vivo*. In fact, a growing body of evidence points out supplemental intake of vitamin A (the retinoids and carotenoids).\[[@ref24]\] Mixtures of carotenoids or associations with others antioxidants (e.g. vitamin E) can increase their ability to protect against lipid peroxidation.\[[@ref25]\] The protecting effects of high doses level 20 and 40 mg/kg body wt/day of vitamin C (L-ascorbic acid) in modulating the genotoxicity of pesticides in murine bone marrow cells,\[[@ref26]--[@ref28]\] and in primary spermatocytes have been observed.\[[@ref29]\] Positive effect of vitamin C (ascorbic acid) in preventing the degenerating effects of endosulphan in *Capra hircus in vitro* have been documented.\[[@ref30]\]

Keeping in view the effect of pesticides on reproductive potential of animals it is necessary to seek the protective measures to reduce the hazardous effect of the pesticides. In the light of the background information the present study was designed to evaluate the antioxidant attenuation of atrazine induced histopathological changes in testicular tissue of goat *Capra hircus in vitro*.

MATERIALS AND METHODS {#sec1-2}
=====================

Mature goat (*Capra hircus*) testis were collected from slaughter houses around Kurukshetra (29°6'N, 76°50'E), Haryana, India. The material was brought to the Reproductive Physiology Laboratory in normal saline during year 2009 at 4°C. After decapsulation, the testis was cut into small pieces (approximately 1mm^3^) for culture.

After washing three times with the normal saline the testicular tissue were cultured by Sharma *et al*.,\[[@ref30]\] method. The tissue was divided into three groups (one control group + two experimental groups). Experimental group (A) was supplemented with 100 nmolml^-1^ concentration of atrazine \[[Structure 1](#F1){ref-type="fig"}\] and experimental group (B) was supplemented with 100 nmolml^-1^ atrazine and 100 μmolL^-1^ concentrations of vitamin E (α-Tocopherol) \[[Structure 2](#F2){ref-type="fig"}\] and harvesting was carried out after 1, 4 and 8 hours of exposure. The culture plates were kept at 39°C in 5% CO~2~ level in CO~2~ incubator for specified duration. Tissues from all the groups were processed for the histomorphological studies. Paraffin embedded tissue from all experimental and control was cut at 5 μm thickness and after dewaxing in cleansing agent xylene, the sections were processed through decreasing grades of alcohol and stained with haematoxylene. After that the sections were gradually dehydrated up to the 70% alcohol and finally stained with eosin, after further dehydration up to absolute alcohol the sections were cleared with xylene and finally mounted with the help of DPX.\[[@ref31]\]

![Atrazine. IUPAC Name: 6-chloro-N-ethyl-N'-isopropyl-1,3,5-triazine-2,4-diamine. Chemical formula: C~8~H~14~ClN~5~. Molecular mass: 215.7 g/mol](TI-19-260-g001){#F1}

![α-Tocopherol. Chemical formula: C29 H50 O2. Molecular Mass: 430.69 g/mol](TI-19-260-g002){#F2}

RESULTS {#sec1-3}
=======

During the present investigation 100 μmolL^-1^ concentration of α-tocopherol in rescue of degenerative changes induced by atrazine in testicular tissue of goat *Capra hircus* have been analyzed *in vitro*. Testicular tissue sections (5 μm) stained with haematoxylene and eosin revealed normal histoarchetecture of the seminiferous tubules in control group. Under light microscope, seminiferous tubules were packed with loose connective tissue having blood vessels. Normal Leydig cells were present outside the seminiferous tubules. Sertoli cells and all types of the germ cells were present in the seminiferous tubules and were arranged in the specific manner. Spermatogonia were present at the basal portion and next to these spermatocytes occupy the middle potion. Spermatids form the next layer and then mature elongated spermatozoa were present toward the lumen of the seminiferous epithelium. Sertoli cells were having broad basal portion having round or oval nuclei resting on the basal lamina and its cytoplasmic part with its irregular extensions scattered in between the germ cells up to the lumen of the seminiferous tubules \[[Figure 1](#F3){ref-type="fig"}\].

![Testicular tissue exhibiting normal structure of seminiferous tubule, having normal Leydig cells, Sertoli cells and different types of germ cells. (×1000)](TI-19-260-g003){#F3}

In the experimental group (A) treated with atrazine with dose level 100 nmolml^-1^, revealed histomorphological alterations in the seminiferous tubule. After one hour of exposure duration small vacuoles in cytoplasm of the Sertoli cells and spermatogonia were observed. Chromolysis were also noticed in the spermatogonia and spermatids. Pycnosis were also visible in some of the germ cells present in the seminiferous tubule \[[Figure 2](#F4){ref-type="fig"}\]. As the exposure duration of atrazine increased up to four hours these atretogenic changes in different germ cells and somatic cells were enhanced. Large vacuoles of varied sizes and shapes were clearly visible in Sertoli cells, spermatogonia and spermatids. Various small vesicles were also noticed in nuclei of various germ cells and somatic cells. Hyalinization and fragmented nuclei were clearly visible. Degenerating Leydig cells were also observed in the testicular sections. Basal lamina was also detached from the underlying cells in few portions of seminiferous tubule. As the exposure duration further increased from 4 to 8 hrs these changes were further increased in the time dependent manner. Chromolysis, hyalinization and pycnosis were frequently observed. Basal lamina was detached at more places from the underlying cells. Frequency of fragmented nuclei was enhanced with the increase in exposure duration. Pinching off the nuclear material was noticed in germ cells. Vacuoles were of very large size and dislodging of germ cells in the seminiferous tubules was observed \[[Figure 3](#F5){ref-type="fig"}\].

![Light microphotograph of testicular portion treated with atrazine (100 nmolml^-1^) without antioxidant after 1 hour, showing initiation of degeneration in all types of cells. Pycnosis (P) and chromolysis (Ch) were clearly visible. Vacuoles of varying sizes and shapes were observed. Basal lamina was detached due to the exposure of atrazine (D). (×1000)](TI-19-260-g004){#F4}

![Testicular portion treated with atrazine at dose level 100 nmolml^-1^, chromolysis (Ch), fragmentation (F) of nuclear material, hyalinization (H) were frequently observed after 8 hours. Vacuoles of varying sizes and shapes were observed. Small vesicles were observed in nuclei of germ cells and Somatic cells. (×1000)](TI-19-260-g005){#F5}

Due to the supplementation of vitamin E at dose level 100 μmolL^-1^ along with the exposure of atrazine \[experimental group (B)\], antioxidant exerts prevention in degenerating changes induced by atrazine in testicular tissue. After 1 hr of exposure duration there were very small changes in the histopathology of seminiferous tubules. Very few pycnotic nuclei, condensed nuclei were observed due to the supplementation of vitamin E \[experimental group (B)\]. After 4 hrs of exposure duration changes in germ cells and somatic cells were noticed but these degeneration changes were milder as compared with the experimental group (A) treated with atrazine. As the exposure duration increased up to 8 hours the number of fragmented nuclei, hyalinization and chromolysis were reduced due to the vitamin E supplementation. These observations demonstrated that the atretogenic changes induced by atrazine were delayed due to the supplementation of α-tocopherol \[Figures [4](#F6){ref-type="fig"}--[6](#F8){ref-type="fig"}\].

![Microphotograph of testicular tissue treated with atrazine (100 nmolml^-1^) and simultaneously supplemented with antioxidant (α-tocopherol) showing reduction in degenerating changes induced by atrazine after 1 hours of exposure. (×1000)](TI-19-260-g006){#F6}

![Light micrograph of testicular tissue treated with atrazine (100 nmolml^-1^) and simultaneously supplemented with antioxidant (α-tocopherol) (100 nmolL^-1^) showing decreasing number of chromolysis, condensation and fragmentation. (×1000)](TI-19-260-g007){#F7}

![Light micrograph of testicular tissue treated with atrazine supplemented with antioxidant revealing degeneration as compared with the tissue treated with atrazine without a-tocopherol after 8 hours. (×1000)](TI-19-260-g008){#F8}

Atrazine at dose level 100 nmolml^-1^ \[experimental group (A)\] induced a decline in diameter of spermatocyte from 10.51 ± 0.2052 μm in control to 7.915 ± 0.2972, 7.5 ± 0.211 and 7.14 ± 0.225 μm after exposure of 1, 4 and 8 hrs respectively but in case of atrazine supplemented with vitamin E \[experimental group (B)\], there was less decline in cell diameter that was 8.5 ± 0.1865, 8.1 ± 0.1201 and 7.8 ± 0.2066μm after exposure of 1, 4 and 8 hrs respectively \[[Figure 7](#F9){ref-type="fig"}\]. There was also decline in nuclear diameter of spermatocyte from 7.10 ± 0.2395 in control group to 5.63 ± 0.2649, 5.30 ± 0.217 and 4.87 ± 0.225μm after exposure of atrazine \[experimental group (A)\] at 1, 4 and 8 hrs respectively, whereas in case of atrazine with vitamin E supplementation \[experimental group (B)\], there was less decline in nuclear diameter that was 6.3 ± 0.1319, 5.9 ± 0.1388 and 5.5 ± 0.1845 μm after exposure duration of 1, 4 and 8 hrs respectively \[[Figure 8](#F10){ref-type="fig"}\]. The variations recorded were statistically significant (*P* ≤ 0.05). In atrazine treated group \[experimental group (A)\], atretic spermatocytes were enhanced from 22% in control to 48% after 1 hr, 28 to 58% after 4 hrs and 32 to 66 % after 8 hrs of exposure duration \[[Figure 9](#F11){ref-type="fig"}\]. Chi-square values between control and atrazine treated groups were 7.42, 6.98 and 11.563 after 1, 4 and 8 hrs of exposure durations and all the variations recorded were statistically significant (χ^2^ 0.05). In the experimental group treated with atrazine and simultaneously supplemented with vitamin E \[experimental group (B)\] there was decline in atretic cell percentage as compared with atretic spermatocytes noticed in testicular tissue treated with endosulphan without antioxidant \[experimental group (A)\]. This decline in atretic spermatocytes was from 48% in atrazine treated group \[experimental group (A)\] to 35% in atrazine supplemented with vitamin E \[experimental group (B)\] was observed after 1 hr of exposure duration, from 58 to 44% after 4 hours of exposure duration, and from 66 to 52% after exposure duration of 8 hours \[[Figure 9](#F11){ref-type="fig"}\]. Chi-square values were 3.48, 3.92 and 4.06 after 1, 4, and 8 hrs of exposure duration respectively and all the variations recorded were statistically significant (χ^2^ 0.05).

![Effect of vitamin E on diameter of Spermatocytes after varying exposure durations](TI-19-260-g009){#F9}

![Effect of vitamin E on nuclear diameter of Spermatocytes after varying exposure durations](TI-19-260-g010){#F10}

![Effect of vitamin E on atretic percentage of Spermatocytes after varying exposure durations](TI-19-260-g011){#F11}

DISCUSSION {#sec1-4}
==========

The results of the present investigation have clearly demonstrated that atrazine induced atretogenic changes like chromolysis, pycnosis, fragmentation, hyalinization and condensation were dramatically diminished when the atrazine culture was supplemented with 100 μmolL^-1^ concentrations of vitamin E (a-Tocopherol). Thereby indicating protective effect of vitamin E on atrazine damage inducing potential on the cells. These results of the present finding strongly support the earlier findings wherein glutathione administration in the infertile patients induced the protecting effect on sperm motility and improved morphology.\[[@ref32]\] The high frequency of atretic spermatocytes observed during present study is possibly due to the oxidative stress generated by pesticide exposure. The reduction in percentage of atretic spermatocytes from 58 to 44% after 4 hrs of exposure duration, and from 66 to 52% after exposure duration of 8 hrs after the supplementation of vitamin E along with atrazine as antioxidant, have the potential to circumvent the free radicals generated due to this oxidative stress. The present findings tangibly support the observations of Mediratta *et al*,\[[@ref33]\] who have reported that sub-chronic lindane exposure increased MDA level in serum indicative of an elevation in free oxygen radical generation by pesticides. Organochlorine pesticide induced oxidative stress as well as immune suppression in rats is similar to the oxidative stress imposed by pesticide exposure.\[[@ref34][@ref35]\] Antioxidant supplementation with ascorbic acid produced significant amelioration up to the control level in morphological degeneration due to the pesticides.\[[@ref36]\] Ascorbic acid exhibited beneficial effects in detoxifying the effects of endosulfan in the spermatological parameters rabbits and other mammals.\[[@ref30][@ref36]\]

The results of the present investigation strongly advocate the findings of El-Demerdash *et al*,\[[@ref34]\] who have observed the role of alpha-tocopherol (Vitamin E), β-carotene and their combination as antioxidants against the toxicity of fenvalerate insecticide. The results of the present study that vitaminE supplementation along with the atrazine induced protection from the damage caused by the pesticide support strongly that Vitamin E, β-carotene and/or their combination did not cause any changes in the investigated parameters, but improved semen quality and exert protection against the toxic effect of fenvalerate.\[[@ref37]\] Lucesoli and Fraga\[[@ref38]\] have observed the effect of vitamin E supplementation on oxidative stress produced by chronic iron intoxication. The present observations strongly supports the earlier study demonstrated the ameliorating effects vitamin C (L-ascorbic acid) in modulating the genotoxicity of pesticides.\[[@ref26]\] The results of the present investigation also support the findings of Semercioz *et al*,\[[@ref39]\] who have used Melatonin, as free radical scavenger, thereby suggesting that the atrazine induces its toxic manifestations possibly through free radical generation and scavengers thereof like vitamin E (100 μmolL^-1^) ameliorate these toxic effects.
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